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ABSTRACT 


( 

The  sodium-hydrogen-oxygen  system  has  been  investigated 
In  continuation  of  the  study  of  impurities  in  liquid  metals. 

Sodium  metal  reacts  with  sodium  hydroxide  at  temperatures 
ibove  300°C  to  form  sodium  monoxide  and  sodium  hydride.  If 
rhe  reaction  is  initiated  in  vacuo,  hydrogen  will  be  liberated 
ro  the  extent  of  the  dissociation  pressure  of  sodium  hydride 
at  temperatures  below  385®C.  If  this  hydrogen  is  not  removed 
from  the  reaction  zone,  and  if  the  temperature  is  raised  be¬ 
yond  385®C,  an  equilibrium  is  established  which  does  not  follow 
the  dissociation  pressure  diagram  for  sodium  hydride.  This 
new  equilibrium  appears  to  be  related  to  the  solubility  of  the 
reaction  products  in  sodium  metal  and  in  sodium  hydroxide.  The 
"key s tone”  of  the  equilibrium  appears  to  be  the  fusion  tempera¬ 
ture  of  the  melt  which,  in  turn,  is  determined  principally  by 
the  ratio  of  sodium  monoxide  to  sodium  hydroxide. 

Data  arc  presented  showing  that  the  dissociation  of 
sodium  hydride  is  suppressed  by  an  inert  gas  blanket.  It  is 
indicated  that  sodium  hydride  must  vaporize  or  sublime  before 
it  will  dissociate.  It  is  further  shown  that  sodium  hydride 
in  solution  is  quite  stable,  even  in  vacuo  at  temperatures 
well  above  those  at  which  the  hydride  should  be  dissociated. 

Data  for  the  potas slum-hydrogen— oxygen  system  are  entirely 
different  from  that  reported  for  the  corresponding  sodium 
system.  The  difference  could  well  be  related  to  a  higher 
solubility  of  the  reaction  products  in  the  reactants. 


PROBLEM  STATUS 

This  is  c  preliminary  report  on  this  subject  and  work 
will  be  continued  in  connection  with  the  study  of  solubility 
of  impurities  in  liquid  metals. 
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INTRODUCTION 


Results  which  hjve  been  collected  in  connection  with  the 
study  of  impurities  in  alkali  metals  are  presented  along  with 
attempts  to  explain  the  physical  states  contributing  to  these 
data.  vVhiie  data  are  not  yet  available  to  establish  the  phy¬ 
sical  states  with  exactness  the  results  are  considered  to  be 
of  sufficient  value  to  those  working  in  this  field  to  repo.- 
the  information  acquired.  The  application  of  the  phase  ;-i,  . 
to  explain  the  results  required  that  somewhat  dubious  assump¬ 
tions  be  made  concerning  the  phases  and  components  which  are 
under  question. 

In  continuation  of  -the  study  of  the  effect  of  impurities 
in  sodium  metal  (I  and  2),  the  sodium-hydrogen-oxygen  system 
has  been  examined.  The  compounds  resulting  from  combinations 
cf  these  elements  would  include  sodium  monoxide,  sodium  hydrox¬ 
ide,  sodium  hydride,  water,  hydrogen,  sodium  metal  and  oxygen. 
The  water  and  oxygen  would,  of  course  be  of  a  transient  nature 
in  any  mixture  involving  sodium  metal,  but  might,  under  certain 
conditions,  exist  for  a  sufficient  length  of  time  to  be  ident¬ 
ifiable.  The  peroxide  and  superoxide  of  sodium  were  not  con¬ 
sidered  since  they  ere  readily  reduced  to  the  monoxide  by  the 
action  of  metallic  sodium. 

Pepkowitz  and  Judd  (31  and  Pepkowitz  and  proud  (41  report 
the  reduction  of  sodium  hydroxide  by  sodium  metal  according 
to  equation  (A) 

NaCH  +  Na  +  l/2  Hg.  (A) 

ca  400°C 

The  method  reported  in  |4)  does  nd  allow  for  the  rever¬ 
sibility  of  this  reaction  and  the  assumption  of  its  validity 
in  (31  dog,?,  not  allow  for  the  stability  of  sodium  hydride  in 
solution  '■•61.  The  reaction  could,  therefore,  proceed  according 
to  equation  ( S ) 

NaC.H  +  2Na  ^  Na,.©  +  NaH  (B) 

Equation  (C) 

NaH  2  i\a  i/2  H,.  (C) 

n_ghT  'I'hen  result  in  whole  or  in  part  depending  upon  the  solu  — 
ailivy  of  socium  hydride  in  the  reaction  medium,  and  upon 
•vhether  the  conditions  of  the  experiment  allo-wed  for  the  escape 
Or  rnc  evolved  hydrogen.  Hello  and  Tompa  (5)  report  the  valid¬ 
ity  of  equ.-.ion  (B)  for  the  reaction  of  metallic  sodium  with 
fused  sodium  hydroxide.  Gilbert  (6)  reports  two  methods  for 
preparing  a  solution  of  sodium  hydride  in  fused  sodium  hydroxide. 
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ioTh  of  his  methods  involve  the  passing  of  hydrogen  through 
fused  caustic  containing,  in  one  case,  sodium  metal,  and  in 
the  other,  sodium  monoxide.  It  seems  likely,  therefore,  that 
some  equilibrium  exists  whereby  it  is  possible  to  have  sodium, 
sodium  hydroxide,  sodium  monoxide,  sodium  hydride  and  hydrogen 
co-existing  in  a  reaction  vessel. 

A  complete  investigation  of  this  system  is  hampered  by 
nearly  insurmountable  analytical  problems.  It  was  found  that 
the  equilibrium  shifts  quite  rapidly;  hence,  any  attempt  to 
"’reeze"  the  reaction  at  some  high  temperature  level  is  de¬ 
feated  from  the  start.  Further,  any  attempt  to  separate  any 
one  of  the  reactants  for  individual  analysis  results  in  equili¬ 
bria  shifts  of  such  moment  as  to  defeat  the  purpose  of  the 
separation.  However,  substantial  evidence  as  to  possible  re¬ 
actions  an;  or  equilibria  is  afforded  by  the  pressure  of 
evolved  hyerogen  in  a  calibrated  volume,  subsequent  analysis 
of  total  reaction  products  and  control  of  original  weights  of 
reactan  t  s . 

Aooarafus  and  Method 


The  apparatus  (Figure  I)  consisted  of  a  metal  ’'pot” 
equipped  with  a  metal  ball-joint.  This  was  connected,  through 
a  complementary  glass  socket  joint  and  a  stopcock  to  a  pyrex 
system  consisting  of  a  calibrated  flask  and  a  differentia! 
manometer.  An  outlet  for  connection  to  a  high  vacuum,  inert 
gas  manifold  was  also  provided.  The  heat  source  was  a  helical 
coil  nichrome  heater  furnace  controlled  by  a  variable  trans¬ 
former.  Temperature  readings  were  made  with  a  ch r ome  I -a  I ume I 
r^'e  rmocoup  I  e  and  both  a  Hoskins  pyrometer  and  a  Brown  recording 
potentiometer.  The  accuracy  of  the  temperature  readings  is 
i5°C  through  5CC®C  and  decreases  to  ±IC®C  at  700®C.  Pressures 
were  read  to  the  nearest  millimeter  and  all  readings  were  con¬ 
verted  to  ST?  conditions. 

The  sodium  hydroxide  used  was  c.p.  mater' a  i  with  individ¬ 
ual  analyses  falling  within  the  following  ranges: 

NaGH -  95-97;1 

Na^i^COa -  l-2ju 

Ha.0 -  2-3;; 

.re  .vatet  was  readily  removed  by  heating  the  hydroxide  to  its 
fusion  pint  under  vacuum.  In  some  cases  the  water  was  removed 
by  a  ddi  n  g-  me  t  a  I  I  i  c  sodium  at  I25°C  and  pumping  away  the  evolved 
hydrogen.  The  materia!  could  be  thus  dried  at  a  much  lower 
;  e.T.p  c  r  a  t  u  r  e  .han  by  heat  and  V3cuum  alone.  The  carbonate  eont  >■■■:' 
of  the  ..ydroxlde  was  Ignored  in  considering  the  equilibrium  re¬ 
actions  since,  in  all  runs  reported  herein,  the  carbonate  was 
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apparent!'/  unaffected  and  was  recovered  as  such  In  the  re¬ 
action  products.  Recoveries  were,  in  all  cases,  exacilywha? 
was  added  in  the  original  charge.  Any  effect  of  carbonate  as 
a  catalyst  or  a  carrier  for  some  of  the  reactions  reported  is 
beyond  the  scope  of  this  report. 

Metallic  sodium  for  the  experiments  was  cut  from  duPont 
air  cast  brick,  melted,  filtered  and  stored  in  pyrex  flasks. 

Known  volumes  were  introduced  into  the  apparatus  by  pipetting 
under  an  inert  gas  blanket,  usually  nitrogen. 

The  sodium  hydride  used  was  obtained  from  duPont  and 
analysed  98/a  NaH,  the  remainder  being  metallic  sodiu.v.  and  sodium 
hydroxide  . 

The  sodium  monoxide  was  made  by  reacting  sodium  hydroxide 
with  metallic  sodium  in  a  high  vacuum  end  subsequently  remov¬ 
ing  the  excess  sodium  metal  by  distillation.  The  marerlal 
analysed  98.8/0  Na^O,  Ul+^^NajCOa  with  spectrogr ap hie  traces 
of  Cr  and  fe. 

The  metal  '-’pov”  on  the  apparatus  was  made  originally  of 
type  3C4  stainless  steel  and  later  of  recast  commercial  grade 
r.ickei  having  the  following  analysis  — 


Ni 

98.74/t 

Co 

0.20 

f  e 

0.63 

Mg 

0.2i 

Mn 

0.  1  1 

Cu 

0.05 

51 

0.015 

Cr 

trace 

C 

0.012 

The  change  to  nickel 

was  made  following  the  discovery 

of  attack  bn  the  stainless  steel  at  temperatures  above  60Q.°C. 
There  was  no  evidence  of  attack  below  this  temperature.  Nickel 
was  unaffecyed  to  a  temperature  of  700®C»  As  will  be  shor/n, 
rhe  attack  on  stainless  steel  does  not  affect  the  experiments 
herein  reported,  Duplicate  runs  in  stainless  and  nickel  are 
identical  for  ■  tempera ture s  up  to  600°C. 

kuns  vjerc  made  using  two  different  calibrated  volumes, 
one  app roxima te i V  twice  as  large  as  the  other.  Data  from  both 
Wpe  runs  proved  that  the  amount  of  ’'dead  space’*  in  the  system 
hao  no  effect  on  the  reaction  except  as  to  the  quantity  of 
reactants  necessary  to  produce  a  given  pressure  in  the  different 
VO  1  ume  s  . 

The  method  of  operation  was  essentially  the  same  for  all 
runs.  The  reacranfs  were  introduced  into  the  apparatu.,  the 
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system  was  evacuated  and  heat  applied.  Temp e r a tur e-p r e s sur e 
relationships  were  obtained  for  the  temperature  range  desired 
or  until  no  further  reactions  occurred  —  indicated  by  a  ces¬ 
sation  of  hydrogen  evolution  or  absorption.  The  apparatus  was 
then  cooled  and  the  "pot**  cut  open  if  analysis  of  the  total 
reaction  products  was  desired.  (In  some  cases>  reaction  pro¬ 
ducts  were  recovered  following  removal  of  excess  sodium  metal 
by  vacuum  distillation.) 

figure  2  is  a  plot  of  data  obtained  to  show  the  effect  of  ' 
sodium  hydroxide  on  the  container  materials  used  in  the  experi¬ 
ments.  As  may  be  seen,  stainless  steel  -  type  304  is  not 
attacked  at  temperatures  below  600°C  and  nickel  not  below  700®C. 
(Care  was  taken  during  welding  operations  to  prevent  oxidation 
on  the  interior  of  the  pot,  a  condition  which  would  have  led 
to  a  certain  amount  of  attack  from  the  reductions  of  the  oxides.) 
figure  2  also  contains  a  plot  of  the  stainless  steel  ”pot" 
with  Hi  added  to  425  mm  pressure,  heated  through  the  same  temp¬ 
erature  range.  As  shown,  little  or  no  hydrogen  is  absorbed 
by  the  vessel  at  these  temperatures.  The  slight  absorption  at 
the  higher  temperature  is  accountable  for  by  reduction  of 
surface  oxides. 

Results 


It  was  determined  that  sodium  did  react  with  sodium  hy¬ 
droxide  yielding  sodium  monoxide  and  hydrogen.  The  reaction 
would  go  to  completion,  however,  only  if  the  hydrogen  was 
removed  from  the  reaction  zone. 

Figure  3  shows  the  type  of  curve  obtained  by  heating 
sodium  hydroxide  and  sodium  metal  through  the  stated  tempera¬ 
ture  range  without  removing  hydrogen.  The  curve  is  typical  of 
that  obtained  for  a  I  T p ropor tlon s  of  metei  and  hydroxide 
studied  wherein  hydroxide  in  an  amount  sufficient  to  provide 
ca  200  mm  hydrogen  pressure  was  present.  ihe  general  shape  of 
the  curve  is  the  same  for  hydroxide  in  less  than  this  amount, 
but  the  ^breakaway''  from  the  first  port  of  the  curve  occurs 
at  a  lov/er  temperature  and  the  peak  pressure  obtained  at  425®C  is 
lower.  figure  4  shows  the  amounts  of  sodium  hydroxide  required, 
wlvh  an  excess  of  sodium, to  obtain  various  peak  pressures. 

The  rise  in  pressure  above  600°C  is  seen  from  Figure  2  to  result 
from  attack  on  the  stainless  steel  ”pot-*  and,  possibly,  further 
cirect  release  of  hydrogen  from  the  hydride. 

IV  shcu  lO  be  her~  emphasized  that  the  "dome  — s h ape d^ 
pl-veeu  and  the  r e a bs orp t ion  dip  in  figure  3  occurred  at  the 
3_me  pressures  arid  vemperavure  even  when  there  wJtre  sufficient 
reeciants  present  to  give  pressures  much  higher  vnen  the  peak 
shown.  In  no  case  involving  the  reaction  of  sodium  with  sodium 
h'/eroxide  .v...  s  a  pressure  greater  than  195  mm  obtained.  A 
range  of  l/4  through  O/ 1  sodium/sodium  hydroxide  ratios  were 
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examined  with  identical  temperature  -pressure  re  I  a  tion  s  r.ip  s 
reso I  ring. 

Examination  reveals  that  the  first  portion  of  the  curve 
(up  to  385°C1  is  in  excellent  agreement  with  the  dissociation 
pressure  of  sodium  hydrice  as  reported  by  Keyes  (7)  and  by 
Herold  (8).  (Their  work  was  repeated  by  the  author  as  a  check 
on  his  method  and  apparatus.  figure  5  contains  this  compara-' 
tive  data.)  The  pressures  obtained  at  these  temperatures 
(up  to  385®C)  seem  to  be  true  equilibrium  points  in  that,  if 
conditions  are  shifted  by  removal  of  the  hydrogen,  the  same 
pressure  will  be  obtained  repeatedly  until  all  sodium  hydroxide 
has  been  converted  to  sodium  monoxide.  However,  at  higher 
temperatures  (at  and  above  the  temperature  of  peak  pressure, 
425'^CI,  the  pressure  readjustment  is  dependent  upon  the  quanti¬ 
ty  of  reactants  remaining  in  the  pot.  For  example,  a  run 
begun  with  9  grams  of  sodium  hydroxide  (sufficient  to  give  a 
hydrogen  pressure  of  900  mm)  and  heated  to  425®C  returned  to 
150-190  mm  three  times  following  hydrogen  removal,  then, 
successively,  to  169mm,  112mm,  52mm,  and  26mm.  This  lowering 

of  equilibrium  pressure  following  successive  evacuations  was 
typical  of  ail  runs  at  temperatures  above  385 °C.  This  effect 
rfill  later  be  shown  to  be  allied  to  stability  of  the  h yd  ride 
in  solution  as  well  as  the  manner  in  which  it  is  dispersed  in 
the  melt.  Figure  4  shows  the  peak  equilibrium  pressure  ob- 
Tuined  at  ca  42S®C  plotted  against  the  original  quantity  of 
sodium  hydroxide.  This  figure  also  shows  that  the  size  of  the 
"dead  spaced'  has  no  effect  upon  the  peak  pressure  obtained, 

A  similar  plot  of  sodium  metal  against  pressure  shows  no  cor¬ 
relation  whatsoever. 

A  peak  pressure  of  ca  190mm  is  always  obtained  on  heating. 
However,  if  the  run  be  continued  so  os  to  obtain  the  minimum 
pressure  sno'.vn  at  about  550°C,  then  cooled,  the  cooling  curve 
pressure  returns  linearly  until  a  temperature  of  ca  385°C  is 
reached  and  then  tends  to  fall  along  the  heating  curve,  (Figure 
6).  It  would  follow  then  that  the  ^hump”  is  but  a  quasl- 
cqul librium  resulting  from  two  or  more  competing  reactions. 

Inis  will  later  be  shown  to  be  true. 

An  i n t e r c 3  tin g  phenomena  was  discovered  in  a  series  of 
runs  mace  under  various  pressures  of  inert  gases.  It  was  hoped 
rhav  di  s  ti  1  1  ^  vior.  of  the  metallic  sodium  at  the  higher  tempera¬ 
tures  coulc  oz  reduced  by  the  us  c  of  an  inert  gas  blanket. 

This  should  not,  it  ./as  thought,  affect  the  partial  pressure  of 
hydrogen  evolved  from  the  reactior..  Figure  7  shows  the  results 
of  tv/o  runs  made  under/760mm  and  330mm  of  nitrogen.  The  evolu- 
tiors  of  hydrogen  is  seen  to  have  been  nearly  completely  suppressed 
except  at  temperaTures  above  600°C,  Hydrogen  evolution  at  this 
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tempera ture  apparently  resulted  from  attack  on  the  stainless 
steel  vessel  rather  than  hydride  dissociation.  The  same  experi¬ 
ment  was  repeated  using  sodium  hydride  alone  with  very  similar 
results  (Figure  7),  A  further  sodium  hydride  run  was  made 
under  conditions  whereby  the  sample  was  heated  to  410 °C  under 
7c0mn  of  nitrogen,  then  successive  portions  c  '  the  inert  gas 
removed  and  partial  pressures  of  hydrogen  ana  nitrogen  observed. 
The  data  from  this  run  are  shown  in  Figure  8.  As  may  be  seen, 
tr.e  dissociation  pressure  of  sodium  hvdride  is  evidently  a 
function  of  total  system  pressure  rather  than  one  of  hydrogen 
partial  pressure  alone.  The  same  experiment  with  exactly  the 
same  results  was  performed  with  a  sodium  h yd roxide- sodium  metal 
melt.  No  hydrogen  was  evolved  until  the  total  pressure  was 
reduced  to  below  185mm.  These  data  are  also  shown  in  Figure 
3.  The  effect  of  inert  gas  on  the  dissociation  of  sodium  hy¬ 
dride  is  not  a  reversible  process.  Once  hydrogen  has  been 
evolved,  additions  of  inert  gas  do  not  cause  readjustment  of  The 
system  pressure. 

It  would  appear  from  the  foregoing  that  sodium  hydride 
must  vaporize  or  sublime  before  it  will  dissociate.  This 
fact  would  also  account,  in  part,  for  its  remarkable  stability 
•vSen  in  solution.  An  experiment  was  designed  to  -further  sub¬ 
stantiate  this  assumption.  A  small  flask  was  equipped  with  a 
manometer,  sodium  hydride  added  and  heat  applied.  At  a  temp¬ 
erature  of  I9C°C  the  pressure  rose  perceptably,  at  the  same 
time  a  silver  mirror  v/as  deposited  well  up  on  the  walls  of  the 
flask.  Subsequent  analysis  proved  the  film  to  be  sodium  metal. 
Sodium  metal  heated  similarly  did  nor  deposit  this  film  at  these 
tempe r a t ur e s o  The  flask  was  then  equipped  with  a  cold  finger 
constructed  in  such  a  manner  as  to  cover  the  exposed  surface 
of  the  sodium  hydride.  As  heat  was  applied,  with  the  flask 
under  high  vacuum,  the  particles  of  sodium  hydride  became  ex¬ 
tremely  agitated  and  crystals  of  the  hydride  were  collected  on 
the  cold  finger.  There  was  little  or  no  rise  in  pressure  ac¬ 
companying  this  collection.  Next,  a  pressure  of  lOmm  of  nitro- 
P-’n  v/as  intrcxiuced.  Both  the  agitation  and  the  crystal  growth 
ceased  instantly.  Further  substantiation  of  this  phenomena 
s  provided  in  later  experiments  with  small  amounts  of  sodium 
ydride  in  sodium  hydroxide  in  which  hydrogen  should  have  been 
released  both  from  the  dissociation  of  the  sodium  hydride  and 
from  sub  sec  sent  reaction  of  the  sodium  metal  thus  produced  with 
I'o  h  yd  ;■  ox  id  e .  This  vas  found  not  to  be  the  case^  the  hydrogen 
equivalent  to  the  d  e  coinp  o  s  i  t  lo  n  of  sodium  hydride  being  all 
that  v/as  recovered.  This  Indicated  that  the  sodium  metal  must 
rC'/e  been  removed  from  the  reaction  zone  before  it  could  react 
/<it'r.  the  hydroxide.  Vaporization  or  sublimation  of  the  sodium 
rycride  prior  to  dissociation  would  have  resulted  in  such  a 
reactant  separation. 
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Furrher  ev‘.d.:ncc  of  fhe  a  v^i  !  obi  !  i  I  y  of  sodium  hydride 
35  a  componcr,  .  '  rhz  sodium-sodium  hydroxide  system  is  af¬ 

forded  by  the  rcociion  of  sodium  monoxide  with  hydrogen.  This 
reaction  has  been  demonstrated  in  fused  caustic  by  Gilbert  (6i. 
Tne  author  has  su bs t a n t la t ed  Gilbert’s  results  in  the  dry  state* 
Figure  9  shows  the  reaction  of  hydrogen  with  sodium  monoxide* 

The  points  shown  are  not  equilibrium  points,  but  show  the 
effect  of  a  constantly  increasing  temperature*  The  reaction 
proceeds  at  temperatures  as  low  as  I75®C  and  the  resulting 
hydride  and  hydroxide  are  stable  at  temperatures  as  high  as 
425°C.  The  reaction  could  proreed  according  to  one  or  more 
of  the  following  equations  -- 


i\>^0  -*  NaCH  MaH  ID) 

.\:^0  +  !/2  H3  ->  NaCH  +  Na  (E) 

Na  +  1/2  Ho  -*  NaH  Cr  ) 

If  it  were  to  proceed  by  pniy  equation  (£5,  l/2  mole  of 

hydrogen  v;ould  be  consumed  per  mole  of  monoxide;  and  if  by  onty 
equation  (DJ,  one  mole  of  hydrogen  per  mole  of  monoxide.  In 
the  experiment  plotted  in  Figure  9,  2*76  grams  of  Na.;0  con¬ 
sumed  940  mi  of  hydrogen.  This  is  94^  of  the  theoretical 
quantity  required  to  satisfy  equation  {Dl  and  !33)'j  of  that  re¬ 
quired  for  equation  (£1.  A  combination  of  equations  (£)  and 
IF)  is,  in  effeav,  equation  (01.  ^^ovvever,  under  the  static 
conditions  prevailing  in  his  apparatus,  the  author  has  been 
unable  to  produce  more  than  a  few  milligrams  of  sodium  hydride 
by  the  direct  reaction  of  sodium  metal  and  hydrogen.  (This 
sfet^fTisat  is  nor  to  be  construed  as  meaning  that  equation  (F) 
is  not  valid*  Given  proper  agitation  to  expose  fresh  surfaces 
of  sodium^  metal,  copious  quantities  of  sodium  hydride  may  be 
thus  produced.)  ^ 

In  a  search  for  clues  to  the  behavior  of  the  reactants 
at  higher  t  emp  e  r  a  t  ur  e  s  ,  several  experiments  v/ere  made  utilizing 
only  one  of  the  primary  reactants  in  combination  with  one  or 
more  of  the  reaction  products,  (e.g.,  sodium  met-)  or  hydroxide 
with  sodium  hydride).  The  data  from  these  experiments  are  shown 
In  Figures  10  and  II*  As  may  be  seen  sodium  metal  with  sodium 
hydride  follows  the  true  dissociation  curve  for  sodium  hydride 
until  a  point  is  reached  where  the  amount  of  sodium  present  will 
dissolve  ail  the  remaining  sodium  hydride  with  a  resulting  sta¬ 
bilising  effect.  (Figure  10).  •  (This  type  of  data  v._  1  1  be  pre-  ' 
seated  in  a  later  report  on  the  solubility  of  sodium  hydride  in 
sodium  me V c  1  No  deviation  from  the  dissociation  pressure 
data  at  .  19C, Tim,  such  cs  was  noted  in  s:  .'ium-sodium  hydroxide 
runs,  was  found*  Hiowever,  if  sodium  metal,  sodium  hydride  and 
sodium  oxide  ore  heated  together,  the  type  of  curve  obtained  is 
similar  to  that  obtained  for  sodium-sodium  hyc  oxide.  (sec 
Figure  10)  Again,  there  is  no  brealc  at  190.r.m  ..-.ere  large  omou 
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0  7  sodium  h  VO  rid  2  are  involved.  The  leveling  o'."f  of  the 
pressure  and  rcabsorpiion  of  hydrogen  is  quive  apparent, 
howe  ve  r  . 

If  sodium  hydroxide  and  small  amounts  of  sodium  hydride 
are  heated  together  the  data  conforms  to  the  dissociation 
pressure  of  sodium  hydride  for  a  short  time  and  then  breaks 
away,  levels  off  and  then  climbs  slowly  until  all  hydride 
hydrogen  is  recovered.  (Figure  II)  (Note  —  no  further  hydro¬ 
gen  was  developed  indicating  that  the  sodium  metal  had  been 
removed  from  the  reaction  zone.)  Large  amounts  of  hydride 
show  continued  evolution  of  hydrogen.  There  is  a  tendency  to 
level  off  near  175mm,  but  this  is  overcome  with  increasing 
temperature.  A  run  made  with  sodium  monoxide  added,  however, 
exhibits  a  sharp  break  av  195mm  and  425°C,  leveling  off  com¬ 
pletely  ov  this  point.  further  heating  causes  a  slight  absorp¬ 
tion  and  eventual  re-evolution  of  hydrogen  at  525®C.  Sodium 
monoxide  is  thus  shown  to  be  the  key  to  the  reabsorption  of 
hydrogen  in  the  425®  to  5C0®C  range.  It  is  also  indicated 
that  both  sodium  monoxide  and  sodium  hydroxide  must  be  present 
to  cause  the  cessation  of  evolution  at  ca  190mm  pressure. 

It  is  probable  that  they  also  must  be  present  in  some  definite 
proportion.  It  should  be  noted  that  vhe  pressure  at  v/hich 
runs  first  level  off  {  iOmm,' 25min,  I40rnm)  is  almost  exactly 
)/2  of  the  total  pressure  available  if  secondary  reaction  with 
sodium  metai  is  eliminated.  It  is  quite  doubtful  if  this  sec¬ 
ondary  reaction  was  eliminated  in  runs  containing  any  con¬ 
siderable  amount  of  sodium  hydride.  The  second  of  the  plateaus 
in  the  run  involving  ,856  gram  of  NaH  is  ascribed  to  the  re¬ 
action  of  sodium  with  sodium  hydroxide  in  on  amount  sufficient 
to  produce  enough  sodium  monoxide  for  the  indicated  reabsorp¬ 
tion  of  hydrogen.  The  significance  of  the  plateaus  at  1/2 
of  the  available  pressure  is  not  apparent.  Similar  data  were 
obtained  in  nearly  all  sodi urn- sodi um  hydroxide  runs  in  which 
the  hydrogen  was  pumped  away  after  the  first  equilibrium  and 
new  equilibrium  pressures  obtained  which  often  were  almost 
exactly  l/2  of  the  preceding  pressure.  The  best  explanation 
is  one  of  an  equilibrium  pressure  depending  upon  concentration 
of  solute,  dilute  solutions  having  lower  equilibrium  pressures  . 
with  a  subsequent  tendency  toward  the  l/2  way  point.  This 
some  condition  could  also  determine  the  point  of  deviation  from 
soaium  hydride  dissociation  pressure  data  as  well  as  the  peck 
pressures  obtained  for  co..  ..trotions  up  to  that  required  to 
give  190mm, 

Another  run  involving  reaction  products  was  mode  in  v.hich 
sodium  monoxide  was  heated  to  550°C,  (the  point  of  minimum’ 
pressure  on  vhe  sodium-sodium  hydroxide  curve)  increments  of 
hydre-en  added,  and  equilibrium  points  observed.  Bycn  at  this 
te-peroturi-  the  reaction  proceeded  according  .o  the  equation 
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N>:CH  +  NaH 


dj*j  plof-Tid  in  Fijurc  12  yiv-ss  wci-jhi  to  thoi.: 
points  r  cp  r  c  s  0  n  t  in  g  "diJd  stops’*  Js  true  ecjui  I  Ibriun*  point*. 

The  time  element  occasionally  prawented  complete  absorption 
of  a  particular  addition  of  hydrogan  before  a  deys  run  was 
terminated.  As  is  shown  in  rh«  greph  the  monoxide  exhibits 
a  linearly  increasing  equilibrium  pressure  until  a  pressure  of 
cj  175mm  is  reached.  The  continued  addition  of  hydrogen  beyond 
this  point  results  in  a  plateau  and  finally  a  decreasing 
equilibrium  pressure  as  the  ratio  of  sodium  hydroxide  and/or 
jodium  hydride  to  sodium  monoxide  increases  rapidly.  The 
final  point  was  obtained  by  pumping  away  excess  hydrogen  until 
sodium  hydride  in  the  melt  began  to  decompose.  All  excess 
hydrogen  pressure  was  then  removed  (  1 30mm)  and  the  melt  allowed 
to  again  equilibrate.  A  fetal  of  170mm  of  hydrogen  pressure 
was  removed  in  this  manner  at  550°C.  At  this  point  no  further 
evolution  of  hydrogen  was  observed.  The  heat  was  turned  back 
and  the  cooling  curve  observed.  Only  5mm  additional  hydrogen 
was  given  off  in  cooling  through  250°C.  Upon  rehearing  through 
450°C  another  7mm  was  evolved.  After  cooling  to  room  te.mpero- 
ture,  the  residue  v/as  hydrolyzed  in  a  closed  system  and  hydro¬ 
gen  equivalent  to  the  remainder  of  the  sodium  hydride  was  col¬ 
lected,  The  quantity  of  sodium  hydride  remaining  before  hydro¬ 
lysis  was  equivalent  to  ca  20^  by  v/eigKt^  of  the  residue,  I? 
appears  likely  that  this  is  the  value  for  the  solubility  of 
sodium  hydride  in  sodium  hydroxide  at  550°C,  and  that  once  in 
solution  at  that  tempera  tur  e  it  is  quite  stable  —  even  under 
high  vacuum. 


A  sodium  oxide-hydrogen  reoction  carried  out  at  360°C 
does  not  exhibit  the  phenomena  discussed  above.  At  this  tem.p- 
erature,  the  reaction  proceeds  in  such  a  manner  as  to  repeat¬ 
edly  come  to  equilibrium  at  co  lOOmm  pressure  of  hydrogen. 

This  pressure  is  nearly  exactly  v/hat  would  be  predicted  from 
sodium  hydride  dissoclorion  pressure  data.  Evidently  the 
hydride  formed  is  not  in  solution  at  this  temperature.  It  Is 
probable  that  the  ”melt”  contains  no  liquid  phases,  but  is  a 
mixture  of  2  or  more  intermixed  solids  in  contact  with  the' 
gas  phase. 


or 


From  Figure  12  it  would  appear  that  the  equilibrium 
sure  or  hydrogen  over  a  mixture  of  sodium  monoxide-sodium 
hydroxide-soci.um  hydride  and  perhaps  some  sodium  metal  is  de¬ 
pendent  largely  upon  the  amount  of  sodium  monoxide  prescr. 
upon  the  ratio  or  sodium  hydroxide  to  sodium  monoxide.  Th-> 
rario  of  sec^um  hydroxide  to  sodium  hydride  is  aasumud  to  be 
mole  for  mo i a  (or  37.2  weight  percent)  sodium  hydride  in  sod! 
hydroxide  vor  the  complete  run  whereas  the  quantity  of  soci>, 
monoxide  is  being  constantly  depleted.  The  point  at  l75'.-m 
where  the  curve  breaks,  flattens  and  eventual  ly  curywa  down¬ 
ward  appears  to  be  the  result  of  the  disappearance  of  all  solid 
phases  in  the  system  ~  i.e.,  complete  solution  of  all  reactants 


om 


9 


*.  / 


in  sodiom  hyd.oxids.  Figure  !3  gives  further  evidence  ihzi 
this  is  the  cose.  The  dots  plotted  in  th^r  figure  is  c  deter- 
ninJtioa  of  rhe  solubility  of  sodium  monoside  in  sodlu.T.  hy¬ 
droxide  or^  core  properly^  o  deterdaatioa  of  the  fusion  tccp  — 
eraturc  of  various  ratios  of  the  too.  it  o3$  devermined  ia 
air  in  a  niche!  crucible  by  adding  oeighed  portions  of  sodium 
monoxide  to  fused  hydroxide  until  saturation  became  apparent 
by  the  appearance  of  solid  oxide  on  the  surface  of  the  me  I v »  It 
may  be  noted  that  the  solubility  value  at  550®C  is  43, j.  Cal¬ 
culation  of  the  ratio  of  codlura  monoxide  cod  sodiom  hydroxide 
at  the  175mm  break  point  in  figure  12  reveals  that  the  sodium 
monoxide  amounfs  to  45  aelght  percent  of  the  melt  oith  respect 
to  sodium  hydroxide.  At  this  point,  therefore,  the  melt  became 
fluid.  The  previously  determined  stability  of  sodium  hydride 
in  solution  and  conyiaoing  reduction  in  the  quantity  of  sodium 
monoxide  havir.g  the  effect  of  making  tho  solution  of  sodium  ny- 
drlde  in  sodiom  hydroxide  less  conesntroved  even  though  their 
ratios  remain  the  same  crould  readily  account  for  the  downward 
trend  of  the  equilibrium  pressure  at  the  end  of  the  curve.  The 
inability  to  recover  all  hydride  hydrogen  by  evacuation  is  c;:- 
pialned  by  the  increased  melting  point  of  the  conceatr ated  me  1 v 
16)  resulting  in  the  hydride  bslng  completely  soluble  ay  the 
temperature  of  fusion.  It  is  considered  yo  be  more  than  coin¬ 
cidental  that  the  breaks  in  the  solubility  curve  shovan  in  risore 
13  occur  at  380®C  and  at  425°C.  These  some  temperatures  repre¬ 
sent  the  points  of  deviation  from  sodium  hydride  dissociation 
pressure  data  end  the  point  of  maximum  pressure  respectively  in 
any  sodium-sodium  hydroxide  reaction  curve-,  :  area  between 
the  two  temperatures,  therefore,  must  represent  a  rapidly  chang¬ 
ing  condition  of  the  melt,  with  a  final  disappearance  of  all 
solid  phases  at  425®C. 

Mlscc ! ! oncoos  data  has,  of  course,  been  gathered  during  the 
course  of  tnis  investigation. 

Tlmc-prcs sure  re  lationships  for  some  of  the  reactions  re¬ 
ported  is  perhaps  noteworthy.  Representative  data  for  typical 
runs  are  presented  in  Figure  14. 

A  study  involving  attempts  to  duplicate  the  sodi 0,71-3 odium 
hydroxide  data  with  potassium  metal  and  with  sodium-potassium 
alloys  is  of  comparative  value.  Sodium  metal  and  a,ny  alloy  of 
sodium  and  potassium  containing  sufficient  sodium  to  complete  the 
reaction  will  react  with  cither  sodium  or  potassium  hydroxide 
to  give  equilibria  exactly  as  has  been  prcse.ited  i.n  this  paper. 
However,  potassium  tnetal  with  cither  sodium  or  potossium  hydroxide 
will  no  ,  ^  3  O  d  oce  such  equilibria.  As  is  shown  in  figure  15  these 
materials  will  reast  to  give  some  hydrogen  at  temperatures  be¬ 
tween  450-600®C.  Tiie  yield  of  hydrogen  is  low  and  even  with  con¬ 
tinued  removal  of  the  hydrogen  evolved,  complete  conversion  to 
rGxassLv:^  monoxide  was  never  acco.mp  lished.  Something  similar  to 
this  reaction,  or  rather  lack  of  reaction  may  be  a !  ied  to  the 
difficulty  reported  by  Holt  (9)  in  his  atiempy  to  , ep 1 y  the  method 
for  hydrogen  de ter.miaa tion  in  sodium  to  cudiu.v.-pot^saium  alloys. 
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A  somewhat  more  complete  discussion  of  the  high  temperature 
reaction  between  sodium  hydroxide  and  the  stainless  steel  ^poi’"® 
j  night  be  of  value.  The  reaction  occurred  at  temperatures  in 
■i  excess  of  600®C  end  was  accompanied  by  the  evolution  of  both 
j  hydrogen  and  water  vapor,  the  latter  being  condensed  in  a  cold 
trap  attached  to  the  system.  This  is  in  agreement  with  results 
reported  by  LeBlanc  and  Bergman  t|0).  Matallic  sodxura  was  also 
found  condensed  upon  the  colder  portions  of  the  metal  systca 
when  it  w3s  cut  open  for  residue  recovery.  The  analysis  of 
this  residue  is  shown  in  Table  I. 


TABLE  I 

Na-O  27.6  weight  percent 

Na JbOa  1 o2 

Fc^Og  57.0 

Cr*Oa  6.3 

NiO  (?)  7.1 

The  ©sides  of  chromium  and  iron  were  Ideetified  by  their 
fippearoacc  cad  by  physical  cad  chemical  behovior  during  onc’vscc. 
The  state  of  the  nicLal  could  not  be  determined  with  cortcinty* 

The  presence  of  metallic  sodium,  hydrogen,  water,  sodium 
monoxide  and  the  metal  ©sides  in  the  rccstion  products  indi¬ 
cate  that  the  reaction  must  have  proceeded  in  somewhat  cv  the 
fo  I  lowing  manner. 

SNaOl  +  2  (metal)  -»•  NOqO.  (meta  I  j^Oo  +  3i\’a  <■  I  l/2  H*.  H^O  IGi 

nic  eslstenoo  of  the  water  vapor  was  of  a  transitory  nature.  It 
was  apparently  driven  from  the  reaction  zone  by  the  high  temp¬ 
erature,  and  immediately  condensed  in  the  cold  trap.  When  the 
system  was  allowed  to  equilibrate  without  the  cold  trap,  the 
water  was  removed  by  reaction  with  the  metallic  sodium. 

The  double  salt  indicated  is  a  postulation  and  was  not 
ideavivied  as  such  in  the  residue.  Such  sc  its  hove  been  pre¬ 
viously  reported  (10),  however,  end  sodium  ferrite  and  chromite 
of  the  fora  N&^M(504  arc  relatively  well  known. 

The  residue  from  the  run  Involving  sodium  hydroxide  .J 
the  nickel  contained  only  c  vrcee  of  nickel,  prob-bjy 

coming  vroa  surface  oxides  on  the  ^pov^. 

SliViViARY 

From  the  data  presented,  it  seems  clear  that  sodium  metai 
will  react  with  sodium  hydroxide  at  vcmperoturec  ever  300*C 

I  I 


yielding  sodium  monoxide  end  sodium  ItvdrldcrV  bdtli-Vof  elftcIildrife^ 
potenHel  ly  steble  in  the  melt.  If'tKe  rtecUoieiccuf^^^ 
e  s  little  e  s  200  mm  of  e  n y  ge  s  p  re  s  s ur e  t h «  >yd tldc^^  dt ii sdeld 
•ill  be  suppressed  sufficient  ly  to*  melntein  .Itr-ld  •splutipn^; 
even  et  e  tempereture  of  dOO»C.  The  system  eppeer^-tft 
influenced  by  e  number  of  slmu Iteneous  reectloirs  11 


by  the  following  equetions: 


►>r-v 


;  2Na  +  NaOH 
NaH  #  Ne  +  f/2 
;  .*H,  ♦  N,,o  «  NsOiH 

These  reaction s#  coup  led  with."  vaflouV  lb  Vobil£f^^pp.phi. 
changing  effects,  determine  the  equljlbrivnr»'i^*^’^?*r'=^^v^fi^^^ 

The  point  of  maximum  pressure  ini  l 

determined  by  the  ratio  of  sodium  hydro»ld^IfcfcIspd|ut*:mq*0»idc^ 
and  is  in  flue  need  by  the  amount  of  tVbdtbm  h:T%tde,if;4 
of  sodium  meta  I  upo>  this  point  II  n«9l£flVllf«ir,b*cepjt::fp^.t|fc^^’^ 
re  latlve  ly  sma  1 1  solubl  titvrof;::sodlum>ydf£dc.lftfeU^^|d^^" 

The  r e a b $ orp  tlon  of  h yd rogen  >y  Jhr  sy sU 

ture s  requires  'the  pre seike'bf“.ibdlb,m;,feonoxlde^,f n^dfil^bpwQ.^ 
about  by  the  increased  .solubllltlf;of;;spdlufl^hY^^ 
hydroxide,  and.  the  morCf I 


dissociate  and  be  removed 
not  .  true,  and  the  action  of 
metal  oxides  In  the_ system^ 
slon. 

Se  vei 

unsatisfactory* 


CO  tt  I 


ere  unsaTxsracTory*  xr  ««■  »«  ypp  •**'%-’W*t*T* 
e su  1 1 s  by  arbitrary  selectlbn^;bf;phase^;;3frtd/^,iCcb«ip,ddK|^ 
he  author  can  sec  no  v« 
a  tl  I  such'  time '  a e  '"ore^rdef 

f  the  varlou s  equl llbrU^iiC^lhrj^syrfii#^1irfC^ 
t  s  e  c  m  s  evident  f  r  bm  ,  t  h  c.'ddtblt'pf  h.l’f 

oes'  exist  with  at  leas t ~:'bncf~qu.dl:t?,j^quliiJ^.fliSiy|ij|^^ 


ributory  effect*; 

■The  datal'here'invCoVtflnedi^^ 
jiusive  per 

►f  e  s  t a b  1 1  s h in g  f hd^trw^ftffnre^^ 
inswer  mlght  be 
>ut  this  venture, 

’ion  until  a  mean 
ure  being 

V'-  ■— 


'A 
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White  the  (nechoRlsRi  of  corrosion  is  beyond  the  scope  of 
this  report,  there  is  o  definite  effect  indicated  which  should 
bear  upon  future  investigation  and  argues  for  a  more  careful 
evaluation  in  using  past  data. 
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TE^’PERATURE  {%) 

FIG. 3  QUASI -EQUiLlBRiUM  IN  SOOiU.M- SODIU 
HYDROXIDE  REACTION 


Na  +  IlaOH  +  780  mm  TJITROGE:] 
i'ia  +  fia  C.H  +  ?80  mm  !'!TR0GEi'J 
r]oH+ 730  .iiTROOEK 

NaH+760  mm  ARG0:J 
:iaH+VACUU;i  - 


TE^IPERATURE  (®C) 

7  EFFECT  OF  INERT  GAS  PRESSURE  UPON  THE  SODIUPl -  SGDIU;.; 
REACTION  ANT  THE  DISSOCIATION  OF  SODIUM  HYDRIDE 


PRESSUHE  (mm)  ZD  HYOaOGEI]  PARTIAL 


HVDnOCEfJ  PnESSUREjmm)  IIYDROGEI]  PRESSURE  (mm) 


